aBStract. This paper compares the effectiveness of different property portfolio diversification strategies using five methods; (1) correlation matrices, (2) efficient frontiers, (3) Sharpe ratios, using three different sub methods, (4) coefficients in equations explaining total returns and (5) r-square values in equations explaining total returns. The evaluation methods are applied to both value weighted and equally weighted indices based on swedish real estate return data. all methods show that, if any, diversifying over property types is a better strategy on the Swedish market than diversifying over regions. no test yields significant support for regional diversification. The support for the property type strategy is stronger when using equally weighted indices.
IntroductIon
This paper is an attempt to investigate risk reduction strategies in the swedish real estate portfolio using five different evaluation methods. The study is the first in its kind for the Swedish real Estate market, and uses the total return series from msCi real Estate -iPD to calculate a pure return index for four property types, and four regions. The five evaluation methods are then applied to the pure index. The five methods, comparing: (1) correlation matrices, (2) efficient frontiers, (3) Sharpe ratios, (4) coefficients in equations explaining total returns and (5) R 2 values in equations explaining total returns, are, with one exception, the ones found in literature analysing risk reduction within the property portfolio. it is also the most ambitious attempt found in literature so far, to actually compare evaluation methods.
Diversification in a mean-variance context aims at removing unsystematic risk in an effort to minimize the fluctuations of a portfolio's return in excess of what the market will reward. Efficient portfolios are defined as the set of portfolios that achieve the lowest levels of risk for a given return or, alternatively, the highest level of return for a given level of risk. Markowitz (1952) was the first to discuss the concept of diversification through the formal development of modern portfolio theory (MPT). originally developed for stocks and bonds, it took more than two decades until MPT was first applied to real estate. The Employee retirement income security act of 1974 in the Us initiated research on the role of real estate in the multi asset portfolio. Once real estate was established as a legitimate core asset class, researchers turned their attention to diversification issues within the real estate portfolio.
The development of property return indices like the nCrEif and the iPd, made it possible to apply optimisation models to real estate return. The first paper to discuss diversification categories in real estate was written by miles and mcCue (1984) where they discussed factors like location, cash flow and lease and economic activity in the property area. hartzell et al. followed in (1986) and covered property type, growth rate and lease maturity. a lot of other studies followed, for an overview of diversification issues in real estate investment see seiler et al. (1999) .
The idea behind risk reduction in a portfolio context is to maximize within group homogeneity while maximizing the heterogeneity between groups. While stocks are grouped primarily by market value and industry, real estate varies by property type, region (regions can be either geographic or economic, the latter indicating a grouping based on economic drivers), size (square footage and value) and distance to a city centre among other things. Out of these groups, property type and region are most commonly used in the real estate industry. This is because different market and macroeconomic factors are likely to influence property performance at the property type and regional level.
it could be argued that investing in combinations of property types and regions would result in efficient frontiers with higher return and/or less risk than only diversifying over property type or region. Viezer (2000) finds that combining four regions with four property types (resulting in sixteen groups) is the overall most efficient strategy compared to different combinations of property types, geographical and economic regions. however, investing in real estate is very costly. Thus, only the largest investor could afford to hold the amount of property necessary for that kind of strategy. it is therefore of great interest to an investor to know if grouping real estate by property type or region is the most efficient strategy when it comes to risk reduction. Eichholtz et al. (1995) investigated the effectiveness of the diversification strategies grouping by property type and region for both Great Britain and the USa. on the British market, the difference between the two strategies was not statistically significant. on the US market, geographic regions showed a greater potential for risk reduction. Olaleye et al. (2008) , studied the nigerian market and came to the same conclusion.
however, most other studies indicate that property type grouping is more important as a risk diversifier, see for instance Lee and Byrne (1998), fisher and , Lee (2001) , and Gabrielli and Lee (2009) .
The region classification scheme can be taken a step further by removing arbitrary geographic boundaries and looking at local economic drivers thereby linking markets across economic rather than spatial factors. hartzell, et al. (1987) were the first to do this in the US real estate market when they divided it in eight functional regions using economic base. malizia and simons (1991) refined their analysis by using demand side factors such as unemployment, income and population. mueller and Ziering (1992) compared the standard geographic categories East, midwest, West and south with the categories invented by hartzell et al. (1987) and added two of their own; one category that groups the Us by dominant employment category and one by growth in employment rates. Other categories investigated are SiC (standard industrial classification), see Mueller (1993) , and socio-economic e.g. crime rate and temperature, see Ziering and Hess (1995) . for a more recent study, see heydenreich (2010) who compares the traditional approach based on administrative regions to an economic strategy based on industry specialization in the UK market. He finds that that strategies based on economic diversification show superior risk-adjusted returns. Byrne and Lee (2011) also study the UK market and use the mean absolute deviation portfolio optimisation model to compare the performance of conventional administrative regions with the performance of functional groups based on data from the 2001 census. They find that the functional groups provide greater risk reduction and argue that the underlying characteristics of such groups might be more insightful and acceptable to real estate portfolio managers.
Viezer (2000) argues the importance of using the same number of dimensions when comparing diversification strategies. This would separate the effects of the method from the effect of varying the number of dimensions. also when using certain statistical tools like the Jennrichs test to compare correlation matrices it is necessary to compare the same number of dimensions. Viezer also finds that correlation coefficients are poor indicators of which diversification method would provide the best efficient frontier. The diversification method that produced the lowest correlations did not provide the best efficient frontier. The return/risk ratio on the other hand, was found "pivotal".
The Markowitz's modern portfolio theory is only justified for temporally stable correlations, if correlations are unstable over time; the resulting mean-variance optimal portfolios are likely to underperform. Co integration methods on the other hand, identify long-term relationships, and are robust to correlation instability. Tarbert (1998) uses the Johansen maximum likelihood procedure to determine the long-run diversification possibilities on the UK property market, and finds that sectoral and geographical diversification possibilities are more limited than previous studies have indicated. Gallo et al. (2013) create a globally diversified portfolio using co integration methods over 1992-2009. Their co integration inspired model outperforms the mean-variance optimized portfolio by 575-725 basis points annually.
another fact to consider is that an appraisalbased return series like the iPd index, tend to be smoothed. That is, the variability of returns in the property market tends to be understated, leading to false assumptions about the attractiveness of property as an asset class compared to stocks and bonds. smoothing comes primarily from two sources; infrequent transactions that forces appraisers to combine value indications from recent comparable sales with past information, and, from the fact that property values are appraised at different points in time during the calendar year and then averaged together to produce the index value. The most common method to de-smooth a property index was developed by Geltner (1993) , and the method uncovers the true underlying property return series by applying a reverse filter:
where:
u t R is the unobservable underlying property markets return series at time t; * t R is the observed appraisal based index return in year t, and α is a smoothing parameter between 0 and 1. if no smoothing is present in the index, then α is equal to 1. The smoothing parameter is defined for the property market as a whole, since the amount of smoothing is the same for different property types and regions. smoothing is therefore only a problem when considering the attractiveness of property in mixed-asset portfolios, not -as in the present paper -when considering weights within the property portfolio. see hoesli, et al. (2003) for an analysis of suggested property weights in institutional portfolios using de smoothed indices for the Us, UK and sweden.
The remaining paper begins with a motivation for the methods chosen, a description of how pure indices are calculated and an explanation of the five methods. This is followed by a description of the data and the market under study. in the result section, the effectiveness of different diversification strategies is calculated using the five methods. finally the results are analysed and the quality of the different techniques discussed.
MetHod

The choice of methods
The five methods described below are the ones most commonly used in real estate literature when data is scarce. Three of the methods might be problematic however; method, (1), (2) and (3) rely heavily on unstable correlations, making them less than ideal for prediction purposes. One way to work around that problem would be to use cointegration methods instead to identify long term relationships. if different property types or regions are not co integrated over the longer term, then combining these property types or regions in a property portfolio would be a diversification strategy. although relevant for this study, Co-integration analysis is not included among the methods chosen. To study long-run relationships in the real estate market, ideally, a few real estate cycles and different market contexts should be included. if a real estate cycle lasts for eight to ten years, then the inclusion of enough cycles would require a sample of forty to fifty years Brooks and Tsolacos (2010) . MSCi real Estate -iPd for Sweden has to date only 28 data points, and such a study is not yet possible.
The present paper focuses on methods for portfolio optimization. To do this, the property classification, i.e., by type and region, is taken as given. There are other ways to classify property, economic regions being a good example, where local economic drivers are used to classify regions rather than geographical boundaries. although of practical relevance, such alternative classification schemes are beyond the scope of this paper.
Pure indices
The first problem to address is that the sector and regional indices are not pure in the sense that the average total return from a certain geographical region has a component stemming from the property distribution in that region. if the property composition in Stockholm is different from the index, part of the return will come from the dominant property type distribution and not regional factors. in the same way, if the regional distribution of a property type is different from that of the entire sample, part of the return will come from the regional distribution and not the property type.
it is possible to separate the regional effect from the property type effect using regression analysis. The conventional way would be to use dummy variables for all property types and regions leaving one property type and one region as a reference point. a more elegant method, first suggested by heston and rouwenhorst (1994) , uses a restricted regression equation allowing all dummy variables to be included in the equation and setting the constant as the mean return of the entire sample. This technique was later applied to property type and regional return in the nCrEif index by fisher and Liang (2000) and on the iPd by Lee (2001) . it is also the technique used in this paper.
in order to separate property type performance from regional performance, the following model for the return, R it , on the i th property that belongs to region j and property type k is formulated:
in the model, α t is a base level of return in period t, β jt is the regional effect, γ kt is the property type effect, and e it is a property-specific disturbance. This model measures separate influences from property type and region, but rules out any interaction between them. The property type dummy, P ik is equal to one if property i belongs to property type k and zero otherwise, and a regional dummy C ij that is equal to one if property i belongs to region j, and zero otherwise. for each period t, (1) can be rewritten as:
it is not possible to estimate equation (2) directly because of perfect multi-collinearity, i.e., the four regional and property type vectors add up to the unit vector.
We could solve this by choosing one property type and one region as a base case as mentioned above. rather than arbitrarily choosing a region and a property type as a benchmark, it is possible to find out how each property type and region differs from the average property in the sample. This will be equal to measuring regional and property type effects relative to the average return on the Swedish real estate market.
To avoid over specification of the model, the following restriction has to be imposed for each period:
where: n j and m k stands for the number of properties in region j and property type k respectively. for an equal weighted index the constant α t will equal the average equal weighted index for year t. The pure regional return α + β j is the leastsquares estimate of the return on a property type diversified portfolio in the j th region. To summarize, this means that a property type diversified portfolio has the same property type composition as the equally weighted property index.
By using a similar exercise, the value weighted return index is decomposed by estimating equation (2) using weighted least squares. The weights are the average market values of the properties at year t and the equation restrictions now become:
where: w j and v k are the value weights of region j and property type k in the value weighted property index. as above
Under these restrictions, the weighted least-squares estimate of the regression intercept α t now becomes the average return of the value-weighted property index.
Equation (2) then becomes:
Retail Office Industry Housing 
where: m 1 is the number of retail properties; m 2 is the number of office properties; m 3 is the number of industry properties; m 4 is the number of housing properties; n 1 is the number of properties located in Geo1; n 2 is the number of properties located in Geo2; n 3 is the number of properties located in Geo3 and n 4 is the number of properties located in the Geo4.
The regression above produces regional and property type effects for the year t. By running a cross sectional regression every year a time series of property type diversified regional returns α + β jt and of regionally diversified property returns α + γ kt is created.
correlation matrices
The pure indices created above are used to calculate cross correlations between property type return and regional return. The average correlation coefficients for the different strategies are then compared. if the correlation coefficients between property type return are lower than those between regional return, this implies that property type diversification is a more efficient mean of reducing risk than using regions.
The Jennrich test was used for a formal comparison of correlation matrices (Jennrich 1970) . it is used both for comparison between correlation matrices and to test if the correlation matrices are statistically different from the unity matrix.
The Jennrich test statistic for equality tests of correlation matrices has p(p-1)/2 degrees of freedom, where p is the dimension of the correlation matrix. The statistic is:
with C 1 and C 2 being the correlation matrices to be compared, and:
with d 1 and d 2 being the number of observations on which the matrices are based.
Efficient frontier
The efficient frontier for a property market is calculated using expected return, standard deviation and the correlation between property types or regions for instance. With quadratic programming, the different combinations of properties that lie on the efficient frontier are calculated. Each portfolio along the efficient frontier of a particular diversification strategy will be compared to every portfolio along the efficient frontier of a different strategy. The frontiers may be plotted, typically with the expected return on the vertical axis and the standard deviation on the horizontal axis. if the efficient frontier of one strategy is above and to the left of the other frontier, the first strategy dominates the other (it has higher return and / or lower risk).
Sharpe ratios
The above method becomes difficult to interpret when the two frontiers cross each other. it could be that one of the strategies is more efficient at low risk levels and that the other is more efficient at high levels of risk. it could also be difficult to determine if the difference between two frontiers is significant by just a visual inspection. Sharpe (1964) introduced the concept that a portfolio's risk return characteristics can be measured by its Sharpe ratio defined as excess return per unit of risk where r t is the portfolio return, r f is the riskfree rate of return and d is the standard deviation of the portfolio.
Different performance measures have been developed to compare a portfolios' performance in some period relative to another period, or to compare different portfolios in the same period. Jobson and Korkie (1981) discuss different comparison measures based on the traditional sharpe and Treynor measures, evaluate them in small samples, and find that the Sharpe z statistic is well behaved for single comparisons although the power of the test is quite sensitive to the population's coefficient of variation. in Jobson and Korkie (1982) , the analysis is refined and they identify two likelihood ratio statistics χ 2 and an F-statistic suitable for small samples. Gibbons et al. (1989) continue the work to find suitable test statistics. among other things they refine the Wald test, transforming it into an f-distribution and giving it a geometric interpretation for sharpe ratios. This f-statistic is later used by Cheng and Liang (2000) to compare sharpe ratios for different portfolios.
following in the footsteps of Gibbons et al. (1989) we perform an f-test, a Lagrange multiplier test (LMT) and a likelihood ratio test (LrT) on the differences in sharpe ratios.
The null hypothesis is that the sharpe ratios of the two portfolios are equal and thus that they are equally efficient i.e. : Ho S S . We test this hypothesis using the following test statistic called the W -statistic:
Large W will lead to a rejection of the null hypothesis leading to the conclusion that there is a significant difference between the two portfolios. since W follows an uncommon Wishart distribution, it has to be converted into an F-distribution using the following expression:
where: T is the number of observations in a time series, and N is the number of investment opportunities. The other two test statistics, LrT and LMT are monotonic functions of W, where LrT = Tln(1 + W) and LMT = TW/(1 + W).
Coefficient size and R 2
Calculating the pure indices as above, it is possible to test yearly for where the return in excess or below market return comes from. That is, the relative importance of the property type and regional effects. This is done by comparing the absolute average value of the property type and regional coefficients from the restricted regression in (6). a T-test is used to test for equalities of means.
another way to establish the relative importance of property type and regional factors is to calculate how much of the variation around the mean return that they explain i.e. to perform a simple linear regression with total return as the dependent variable and either property type or region as the independent variables. The way to rank the two strategies thus amounts to compare R 2 values using a T-test as above.
Both of the above tests are used by Lee (2001) although he only compares the levels of the coefficients without a formal T-test.
3. data 3.1. data distribution all data in this study are used with the kind permission of msCi real Estate -iPD. The dataset comprises the entire swedish database with 27 933 individual property observations, and the calculations are based on yearly total return figures calculated by iPD where the capital base is capital employed. The way yearly return is calculated in this study differs from the iPD method and the regions chosen are not the ones used in the iPD index. The author of this study calculated both the standard index and the pure index used in the study. any mistakes in analysing the database are the authors own.
The original swedish index started in 1997 but has later been back-dated as far as 1984. Today it has coverage of about twenty eight per cent of the Swedish commercial property market and a market value of 270 billion SEK. The index reports among other things total returns based on external valuations.
for this study, the observations in the data bank have been grouped by four property types and in four regions. The property types are; retail, office, industry and housing. The four regions Geo 1-4 are; the county of Stockholm, the county of Gothenburg, the county of malmoe and the rest of sweden.
as can be seen from Table 1 , the data points are unevenly spread across both property type and region. housing is the dominant property type with 38.5% of the properties, and the region rest of Sweden covers more than 40% of the observations, followed by Stockholm with 37.2%. Table 2 shows the geographical distribution of the property types. for example, 75% of the retail properties are located in rest of sweden. for the entire sample, 40.9% of the properties are located in rest of sweden, which means that there are on average more retail properties in rest of sweden than in the other regions. Table 3 displays the property type distribution within the regions. from this it is obvious that the Stockholm region for instance have a higher share of offices compared to the index (61.65% compared with 33.1%) and a lower share of retail properties (9.02% compared to 26.1%). (see Table 5 ) with an average of 93.1% between property types and 95.0% between regions indicating that property types are slightly better as a diversifier. a plausible reason for the high correlations is the impact the crash on the real estate market in the beginning of the 1990s had on market return. if, for a few particular years, market return drops significantly and in unison for all property types and regions this will actually affect average cross correlations over time.
Measuring return
There are normally two ways of measuring return, equal-weighted and value-weighted. in an equalweighted index all observations are given equal weight. in a value-weighted index all observations are weighted according to their market value. The iPD index is a value-weighted index. The advocates for a value weighted index argues that valueweighting gives a truer image of the market and that it is inappropriate to give observations with low market values the same importance as very valuable objects. Others might argue that the only reason for giving one observation a higher weight would be if it were more reliable than another. since there is no reason to expect the measured return in a small object to be less reliable than that of a large one an equal weighted index should be used. a deeper analysis of the weighting of return in real estate is beyond the scope of this paper and therefore all analyses are made both for a value-weighted and an equal-weighted index.
reSultS
Pure return
The pure indices differ from the original indices. This was expected since the geographical distribution of property types and the property type distributions of the regions are different from the market as a whole. However, the differences are small. for example, the pure office return for the equal weighted return increases with approximately 1% compared to the original index as can be seen in Table 4 .
Cross correlations for different time periods
for value weighted return, the average cross correlations between property types and regions are extremely high for the time period 1984-2012 in order to investigate this, an alternative correlation matrix was calculated for the time period 1993-2012, starting after market recovery. The correlations drop significantly to 71.5% and 83.6% respectively indicating that the crash indeed is part of the explanation.
Equal weighted return cross correlations for the full time-period are a little lower than the cross correlations for the value weighted index (see Table 6), with 80% for property types and 92.4% for regions. for the time period 1993-2012 the correlations are 56.7% and 76.2% and the difference between weighting schemes are almost 15% for property type and 7.4% for region. This is consistent with a study by Schuck and Brown (1997) who compare value-weighting and equal-weighting in terms of risk reduction and find that value-weighting leads to increased specific risk.
Comparison of correlation matrices
To formally compare the two correlation matrices calculated for property type and region we use the Jennrich statistic described in 2.3, where the difference between every entity in the matrices is calculated, not just the average. The Jennrichs statistic follows an χ 2 -distribution and the null hypothesis is that the matrices are equal. The critical χ 2 -value for six degrees of freedom at the 0.05 level is 12.6, and 10.645 at the 0.1 level. as can be seen in Table 7 , the null hypothesis can only be rejected for the equal-weighted index, not for the value-weighted index. 1984-2012 and 1993-2012. all four correlation matrices are statistically different from the unity matrix at the 0.05 level, meaning that the hypothesis of perfect correlation between property types and regions can be rejected. 
Comparison of efficient frontiers
in figure 1 the efficient frontiers for value-and equally-weighted portfolios are displayed in the same graph. it is obvious that equal weighting is superior to value weighting in terms of risk reduction, a finding consistent with the difference in average cross correlations.
as for the most efficient strategy, it is clear that diversifying over property type is more efficient than diversifying over region; this is true for both the value-weighted and the equal-weighted return series. for the value-weighted portfolio, an investor who diversified over property type got more than 5% higher return than an investor investing in the regional portfolio at the same level of risk.
Diversifying over property type while using an equal weighted return series makes the efficient frontier boil down to one single point, namely a 100% investment in housing. This is not strictly true since a frontier will always be the result of the optimisation process but the allocation to other property types is so small that it falls under the margin of error. The reason for this is that housing has one of the highest returns and by far the lowest risk of all property types when the return series is equal weighted. as can be seen from Table 8 , investing only in housing gave an expected return of 15.02%, and an expected risk of 8.6% for the equal-weighted portfolio. for the value weighted portfolios, the low risk portfolio consisted of almost 87% in retail, and the rest in housing. for higher risk portfolios, housing was gradually introduced into the portfolio. The high risk portfolio consisted of housing only; with an expected return of 14.54% and an expected risk of 13.18%.
Diversifying the investments over regions gave the portfolio weightings displayed in Table 9 . for the value-weighted portfolio with the lowest risk level the investment was in the rest of sweden only. The high risk portfolio comprised of investments in the county of malmoe. it is always the case that the efficient portfolio with the highest risk level solely consists of the property type or region with the highest return regardless of how much additional risk that is taken. The high risk portfolio provided an additional 0.2% return and fig. 1 . The efficient frontier for equal-and value-weighted portfolios an additional 0.6% higher risk compared to the portfolio above, consisting of equal investments in Malmoe and Gothenburg. The region of Stockholm was never included in the portfolio. The equal-weighted portfolios were basically the same except for a smaller inclusion of the region of Gothenburg in the portfolios with average risk and return. 
Comparison of Sharpe ratios
for both the value weighted and the equal weighted index, the property type strategy is clearly superior to diversifying over regions (see Table 10 ). The result of the f-test described in 2.4 is 1.93 for value-weighted portfolios and 6.37 for equalweighted portfolios. The critical F-value at the 5 per cent level is 1.86. This means that the null hypothesis assuming equal sharpe ratios can be rejected for equal and value-weighted portfolios both. The likelihood ratio statistic has a value of 7.81 for the value weighted index, and a value of 20.26 for the equal weighted index. The critical χ 2 value at the 5 per cent level is 7.815, meaning that the null hypothesis assuming equal sharpe ratios can be rejected for equal weighted portfolios. at the 10 percent level, the null hypothesis can be rejected for value weighted portfolios as well.
The Lagrange multiplier test statistic has a value of 6.82 for the value weighted index, and a value of 14.42 for the equal weighted index, meaning that the null hypothesis assuming equal sharpe ratios can be rejected for equal weighted portfolios. as for the likelihood ratio statistic, at the 10 percent level the null hypothesis can be rejected for the value weighted portfolio as well. 
Comparison of coefficient sizes
in the regression used for creating the pure indices the average absolute coefficient size for the independent variables is calculated, see Table 11 . The null hypothesis is that the two population means are equal, and the T-test involves finding the probability of observing a t statistic at least as extreme as the one calculated from the data, assuming the null hypothesis is true. With 6 degrees of freedom, the critical t-statistic is 2.45 for α = 0.05, and 1.94 for α = 0.1.
from Table 12 we see that none of the t-statistics are significant at either level meaning the null hypothesis of equal coefficient sizes cannot be rejected. although the coefficient for region is higher for both the equal and the value weighted index, the difference is not statistically significant.
Comparison of R 2 values
in the regression used for calculating the pure indices the average R 2 value over time is calculated. The values are displayed in Table 13 together with the results from the T-test for equalities of means. The R 2 values are higher for the regression using property types as compared to using regions as dependent variables. With 56 degrees of freedom, the critical t-statistic is 2.0 for α = 0.05, and 1.67 for α = 0.1.
This means that the null hypothesis of equality of means can be rejected for the comparisons of equal weighted regressions. for the value weighted regression, the difference between R 2 values is not statistically significant.
comparing the methods and the strategies
above, we have studied two possible portfolio diversification strategies, one based on property type and one based on region. The strategies are applied to both a value weighted and an equally weighted index. To evaluate which strategy is best, we have employed five different tests. With the exception of a co integration test, for which we do not have sufficient data, these five tests are the ones that typically are used for studying diversification within a property portfolio. however, in the earlier literature, it is rarely the case that all tests are used in any given study. rather, the earlier studies tend to use just one or a few of the tests that we employ here. One important contribution with the present study is thus that we may compare the outcome of the tests. The results are summarized in Table 14 . The table reveals several interesting conclusions. first, it is clearly the case that, if any, property type provides the best basis for diversification in the Swedish context. There is not any test, either using value weighted or equally weighted indices, which provides support for using the regional classification as diversification base. The coefficient size test favours regions, but the results are not significant. Thus, it is not possible to draw any conclusions regarding which strategy is better using this test.
second, the equally weighted index provides stronger results regarding which strategy is best. for the value weighted index, only the sharpe ratios test shows a significant difference between the strategies. for the equally weighted index however, the correlation test and the r-square test also gives support for the property type approach being preferred on significant levels of 0.1 or less. This does not necessarily imply that equally weighted indices are to be preferred to value weighted indices -only that it, in this case, provides stronger results. 
dIScuSSIon
The dominance of housing
it seems that housing singles out in terms of its risk/return ratio, and is therefore worth some discussion. The market for multifamily housing in sweden is under regulation, and the rent regulation system is based on collective negotiation between local property owners and the local tenant union. in reality the local tenant union has strong bargaining power and the result is a system where rents in the older stock have followed inflation while rents in new production are set in order to cover costs. This implies more market oriented rents in new construction but rents far below the market level in the old housing stock in central locations. in the absence of market rents, attractive areas have very low vacancies. for a more thorough discussion see Elsinga and Lind (2013) . as a consequence, the income stream for property owners investing in housing will be very stable, and will not fluctuate as much as the income from other property types. figure 2 shows how the housing return follows the return from other property types but typically at lower amplitude. Most striking is the recession in the beginning of the nineties where the drop in housing return is much smaller than for the other property types. in the housing market, especially in Stockholm, it has been more profitable for the owners of multi-family houses with rental apartments to sell to tenant associations wanting to transform the property to housing co-ops than to other investors.
The prices the tenant associations are willing to pay is expected to end up some halfway between the market value of all the individual apartments and the price a property investor would pay to keep it in its present form. The price level of coop apartments rose with around 50% in nominal fig. 2 . The pure value-weighted index for different property types terms between 1990 and 2004 and the price difference when selling to housing co-ops compared to selling to another investor were substantial. not only has this had a large impact on capital return for houses transformed to co-ops, valuers expect the elevated price levels to spill over on ordinary transactions as well.
The number of co-ops in the city of Stockholm has gone from 29% of the apartments to 60% between the years 1990 and 2012. There is uncertainty about if the transformation will continue. in 2002, the government introduced a law that made it more difficult for municipalities to sell their multi-family houses to private investors and the City of Stockholm introduced a policy to prevent public housing companies in the city to sell their houses to co-ops. The private house owners on the other hand continue to transform their properties.
High correlation between portfolios
average cross correlations between property types and regions are fairly high for the investigated time period, and part of the explanation might be that the Swedish real estate market is small and homogeneous from an international perspective. another explanation might be the behaviour of swedish valuers. The swedish consultancy market is dominated by four valuation companies who basically all have the same market information, see e.g. nordlund (2004) . This might lead to that valuers are reluctant to deviate from what is considered common knowledge. it also seems that swedish valuers do not distinguish much between different regions when it comes to setting discount rates. in his study, nordlund also finds that Swedish valuers tend to ignore differences in local municipality fees.
in the year 2002, 43% of the properties had mixed use (properties that have rentable areas for both housing and for commercial purposes). The dominating use according to market value will determine the property's classification in the index. This might result in properties changing classification during the index period. if there were a way of separating the total return of a mixed use property, the correlation between property types would probably lessen to some extent.
concluSIonS
The purpose of this study was to compare the effectiveness of different diversification strategies on the Swedish real estate market, comparing: (1) correlation matrices, (2) efficient frontiers, (3) Sharpe ratios, (4) coefficients in equations explaining total returns and (5) R 2 values in equations explaining total returns. four out of five methods clearly show that property type diversification is more efficient in terms of risk reduction than diversifying over regions on the swedish real estate market. for the only test (4) that favours regions, the results are not significant. all results based on historic performance should be used with caution however and this is especially true for the housing market in Sweden where past return has had the uncommon feature of high return and low risk. The Swedish housing market is under regulation, and past return might not be a good indication of the future. There is uncertainty about the continued transformation to co-ops and the prevalence of rent control, which makes predictions about future housing return difficult.
it is apparent that correlations in return between property types and regions are not stable over time, since average correlations drop significantly when using a time series that starts after the 1990 crash on the Swedish property market. as a suggestion for future research, it would be interesting to formally test for co integration and structural breaks. This is not yet possible on the Swedish property market due to a lack of data, but can and should be done in the future. another topic for future research would be to focus on classifications and identify economic regions in the Swedish property market. risk reduction using geographic regions could then be compared to the regions used in this study.
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